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Thl*  publication  waa  ^tapared  under  contract  for 
the  Joint  Fublicatlona  Reaiaroh  Service,  an  organlaatlon 
eatabliahad  to  aervloe  the  tranalatlon  and  foreign-language 
raaearoh  needc  of  the  varioua  federal  govarnmnt  depart- 
tnanta* 


The  oontenta  of  thla  material  in  no  yay  repreaent 
the  polielea,  viewa*  or  attltudea  of-  the  U,  S,  Govamnent, 
or  of  the  partiea  to  any  dlatrlbutlon  arrangemeftta. 
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PROBLDU  or  SDROZOAL  SMUOMT  IO&  ZMJUftllS  OADSB)  BI  RADIATION 


Crellavlnc  i«  t  tnoalatloo  of  tn  •riielo  bj  A.  Norocak 
and  K.  HaoMivtar  of  tha  Ihatituta  of  Radliiti(»:k  and 
tha  Radiotkarapantlo  Ollnio  of  tha  Nafdaboiri  Aoadoay 
of  Madioina  (Sirootort  Prof  Dr  «ad.  haUl.  A.  MoroaA), 

l^bllo  Haalth*1[Jiil»tft^^ Jttljr  19^2, 

BarUai  pp  1266.1270] 

AAUtJ^ttAtAAli  H^MI^  MtiftV  c£ 

■  ftv  a^rMV w oPr wnrM  w  vw n va  wmv  w  rcopooaar^o 

asss  as  sail  aa  tha  is&raaalas  appltaattaa  to  sssss  araaa  of  osr  Ufa  af 
aaatural  aod  artlfloial  radioaotiTitjr  aako  it  nooaaaarjr  that  larfo  oirolaa 
of  pb^*"***^  ^'m ****** ^  thoro^ishjj^  f*^yT***^**  ****^  *)»<>  iwm *  tho= 

rapy  of  radiation  danagaa  •  nMantlOBasy  noaanraa  laatltutad  la  nuolaar 
plMta  aad  laborateriaa  Unit  tha  aavloyaoo*  oxnoawo  to  radiation  to  a 
■inijnait  HoTarthaloaa  thaaa  aoaannn  do  not  fnlV  oitt  tha  dangar 
of  radiation  aooidaata.  Rjr  radiation  aooldonta  wa  naan  aooidanta  nhioh 
oonaiat  of  ia;)uriaa  and  alamXtaaaono  M|ioanra  to  tha  affoota  of  radi¬ 
ation. 

Radiation  oan  axort  ita  aetion  on  tha  orianiaa  in  tha  oaaa  of  an 
aooidant  in  two  wajrai 

1)  Through  irradiation  trm  tha  agctarior, 

2)  Throngh  tha  abaorptloa  of  radioaotira  ahbataaoaa  ta^  tha  orgaaiaa 
(incorporation)* 

1 

Tha  two  routaa  hr  vhioh  daaaga  nay  ba  affliotad  on  tha  body  nay  bo 
oenblnad  with  ona  anethar  In  rariovia  waya.  High  doaas  of  radiation, 
raaohlng  largar  aaotiona  of  tha  body  or  tha  antira  organlan,  whathar  ooa- 
lag  fron  tha  oatalda  or  fro«  within  tha  organlaBi  bxi^  about  tha  aouta 
radititioa  ayndroaa.  Irradiationa  raaohlng  a  olroiaaoribad  araa  produoa 
looal  radiation  danagoa.  Tha  abaorptlon  of  radioaotlTo  aubatanoaa  oan 
taka  piaoa  in  tha  following  thrao  wayii 

1)  Through  tha  gaatrointaatiaal  traot; 

2)  Through  tha  lungs | 

3;  Through  tha  intaot  and/or  injurad  akin. 

In  tha  oaaa  of  a  nuolaar  waapona  aciploaion  tha  aaohaalaa 


I  ia  fund*ment*lly  tJi«  s*m  i.;  in  nuoiear  r^aotor  acoidentj.  The  differ^ 
•ao#»  are  only  qwaotltativo.  In  addition  1.0  irradiation  fro*  the 
axtarior  and  inoorporatlon  of  radioaotiva  aubttaaoM  vhich  affeot  ln« 
divldoal  organs  or  tho  whole  organisn,  neohanioal  or  thanul  laflnenoei 
nay  oavtee  injuries  whioh  further  inorease  the  poseihllity  of  woxizkU 
oontaaizvatlon  and  henoe.  of  an  ad>llilonal  Inoorporatlen  ty  this  routs. 
In  this  way  the  ntnbsr  of  posaitals  eoiiblnations  of  radiation  danages  is 
greatly  inoreased. 


The  extent  of  health  dsaags  eavsed  by  the  lasorperation  of  radio> 
aotive  substanoes  depends  on  s  nunbev  of  faotorsi 

1)  The  SBount  of  radionuolfds  absorbedi 

2)  The  nature  of  the  eaittsd  radlationi 

3)  The  effeotlTe  half-Ufei 

4)  The  route  of  abaorption  in  the  bedyi 

5)  The  affinity  of  the  radieauolide  in  qussl^on  to  given  organs 
(pattern  of  distribution)} 

6)  The  relative  susoeptiblllty  to  radiation  of  the  oritiosl  organ. 

Xn  function  of  those  fsetors  svsn  asMill  sassikts  of  radienuolidea 
in  i-ha  saa  fee  daasarsus. 

reniiiia  imr  h4t«  wMh  SSgvSCd  tS  ft  blgb  dOSS  of  rodiStlOS  O?  Who 

had  inoorporated  r4d3.omiclld*s  through  ths  fastrolntsstinal  tract  or 
ths  lungs  I  art  ssnt  to  j^sieians  who  havs  been  speoiaily  tralnsd  in 
nuolear  .eedioinA  ( auklesrnedillnsf }  fbuolear  physiaians").  In  cases 
whers  injurlsa  had  also  ooourred  it  Is  nsosas^  to  rssort  first  to  sur> 
fioal  treatAsnt  undsrtaken  In  ooUaberatlon  with  the  nuolear  physloian. 
In  this  pi^er  we  shall  dlsouss  the  bssio  guiding  prlnoiples  to  be  ad> 
hered  to  in  auoh  oases. 


Tile  presant  methods  of  treatnent  oannot  as  yet  be  based  on  any  wide 
ekperlenoe  in  this  ares  since  luoklly, nuolear  oatastrophes  have  bean 
rm  rare,  tionoti  the  Methods  of  treatomt  are  still  in  ths  preosss  of 
slaborstlos,  whlls  Making  uss  of  data  f roa  diff srmt  fields .  Our  know¬ 
ledge  of  the  swgioal  trestuent  of  injured  and  rsdi^tlon-dsaaged  in¬ 
dividuals  ia  based  on  sjq^rienoet  aoquirsd  in  Japan  after  the  dropping 
of  atomio  bonba  In  1945*  on  observations  obtained  in  aooldents  in 
nuolear  plants  ^  labcratorlss,  on  olinioal  oases  of  therapeutic  ir¬ 
radiations  sod  on  the  results  of  anlMSl  esperiisents . 

rinkel  and  Hathaway  (10)  riqiort  On  rather  frequent  juries  in  ro- 
searoh  laboratoriee  as  well  as  in  bllnipel  and  teohnloal  Isotope  de- 
partnentsi  nausod  by  the  iaaorporatioa. of  radloaotive  substances.  These 
sooidents  led  to- the  establlehnent  of  ao-oalled  deoonteaination  BULioms 
staffed  by  physlAiane,  phyBiclsts  and  specially  trained  avbciliary  per-^ 
Honnal  for  the.  ti'eataent  of  radloaotlysly  oontaiilnated  wounds.  Similarly, 
Kvin«  (22)  prescribed  for  the  treataeat  of  radlation-daasged  persons 
speoial  i\tatl©nc  staffed  by  an  appropriately  trained  group  of  plvysioiarin , 


pbytlolsta  and  Auxiliary  pareomMl*  THma  atatloDa  ahould  b«  aqulppad  I 
is  avah  a  nay  tbat  in  addition  to  tho  roc^ulrad  aMdloal  and  avtila^ 
troataairt  tho  otaft  aagr  porton  MMttrflaonto  of  raidtM«ti«lty» 
abcnro  all  ■oanuraoarta  on  tbo  thala  body  aftar  inoaxpomtlana.  Auiai 
"alaok  porloda*,  that  !«•  povlod  1*  ddab  no  oaoM  of  aoaidaKtal  Ini- 
jurlM  MTa  to  bo  attaadaNl  to«  tbo  itaff  ahonld  darvoto  itaalf  to  radl* 
atlo»^lolo|loal  roaoaroh. 

Badloaotlvolgr  ooatoMlnatod  vonodo  aro  aqpooad  to  a  looal  radiation 
atraso*  Tbo  lattor  oan  vary  inatly  aad  la  dapandairti  aboro  all  on  tha 
Toloelty  of  raooqrtion.  Ao  oaEkaat  of  rano.iptian  by  tba  wdnd  dipiiidi 
la  tarn  oa  tha  Bbyaloal-ehaaloal  ohanotaviotloa  of  tbo  radlatlya  aenraa 
aa  wall  aa  oa  tao  aatara  -abova  all  tbo  Taaonlarlaatloa*  of  tha  aonad. 
Zaoorporatloa  via  opaa  aaaada  uoaolly  praoaada  vacgr  rapidly.  la  tha  oaaa 
of  wonado  it  aay  a«aal  TaXooity  of  aboorptloa  foUawlac 

an  latearaoaaa  laJaotlaB  (OraiA  Q))t  . 

roraaaa  (4)  MBorU  that  aa  aoolotaat  abo  bad  lajarad  bar  fiagar 
with  a  glaas  apliaUr  ahllo  aa«)dai  with  a  platealM  aolatloa  aihlbltad 
a  ralatlvaly  bi^  radioaatlTlty  la  tha  avlaa  vary  ahortly  aftor  the 
aooldaBt.  OastanNH,  MulaalU  ud  aUhlMy  (9)  daoorib#  aa  iaoorpo- 
ratier:  ^  ffewrlTSSTS?.  1  sassar  5?  ths  TSmiiS-Su  a«vMjp  lojurod  ui#  iadax 
f lagar  alth  a  cfattar  that  bad  baaa  dl|ipad  tao  da^  bafora  Into  a  aolttilm 
of  ^227  ohlnrida.  Itamaaaiy  laorarMr  tha  o-ray  dataater  oooatad 
60-80,000  lj^>^aa  par  alniita  oa  tha  alt#  of  tha  pnaottura.  Aftar  rlnalag 
tha  Mvad  with  oalolm  dloodiw  athylaaadiaalaa  tatroaoaUta  (CaBOTA) 
and  half-oonoantratod  bydrooblorio  aold,  tha  oobht  vaa  atlll  17,000 
lapulaaa  par  aiauba,  Aftar  four  dayi,  la  vlaa  af  tba  hlfh  aotlvlty  la 
tha  urlaa  tha  thovAt  aroaa  that  parhapa  tha  aothar  •abataBoa  Aotialw- 
227  Had  alao  baaa  laaorporatad,  aad  aaaordlafly  tha  waBd  vaa  anlaad 
aad  tha  patlant  traatad  with  1  g  OaBSA,  adi^badataarad  latravaaaUy.  Oa 
•ubae<t>t«at  aotlvlty  taatlag  alth  a  ab-ohaaaal  diaorlalBator  It  aaa  fetaul 
that  ahllo  tha  Th-227  had  ^appaarad  r^>idly  froa  tha  aotsad  raglon,  its 
rata  of  oxorotlea  froa  tha  boidf  aaa  vary  low,  Tba  daaghtar  aubatABoa 
Ra^3,  afalob  baoauao  of  Ita  aafflolaatly  high  pariad  aaa  tha  only  oaa  of 
tbo  doaoapoaltion  prodnota  aeooaalbla  to  aaalyili,  aaa  fot»d  to  havo 
boon  roaorbod  froa  tho  wouad  rapidly  aad  to  hart  boon  axoratad  aoonor 
than  tho  71^227  • 

At  troataont  af  paraeoa  lajarod  In  radiation  aooldonta  ahould  oon- 
alct  oi  tho  apfOloatioB  of  flrat  aid  aad  tho  aarlloit  poaalblo  aurgloal 
Inter '^cntion.  Tbo  flrat  aid  ahodld  bo  adalalatorod  by  tho  otaff  of  tho 
Isotopo  laboratory  who  must  bo  approprlatoly  tralnod.  When  an  aooldont 
oooura  tho  first  thing  to  do  la  to  dotonalno  tho  aaoiat  of  radiation  to 
whioh  tho  vlotlji  waa  oapoaod  or  at  loaat  Ita  ordar  of  nagBltndo.  Tho  next 
atop  la  tho  dooontaHlaatlon  of  tho  vlotln,  tho  InstruMoata  and  tha  plaeo 
of  work.  Tho  oontanlnatod  olothoa  nuat  bo  loft  at  tha  plaoa  of  work.  Tho 
oontanlnatod  bodily  areas  ahould  bo  waahod  aa  foUowa  (Book,  Droaol  and 
I  Molohing  ( l) ) i  < 

1 _  .  ._J 


I  1)  Thy#*!  ttinutM*  thoMugh  WMhing  of  lh«  ar«a  in  queatioa  with  ' 
Itdunmm  wrt*r  umI  Blld  w>«pt 

£)  fiU(ht  idiinta**  aonbiDiBC  «dtb  th«  banuihi 
ip3UTit]r  ob«ok  by  aaMui  of  ootnt«y| 

4)  jl^fOpUiaatlM  ef  dvoontHslMtiM  aMriinrM  (•«• 

5)  iftMwrioilJig  with  •odi.m  nlfiU  «r  aedittn 

For  th*  dMO&tMBliMitlod  of  nyOlor  aaovata  of  vadlanaoXldM 
aiui  dioxid*  ("OotonUa")  uXxtwa  Mltb  bMdm  mOflto  and  itarohM*  m 
mU.  m  laotenlQ  Mlt  mIoUmm  km*  1mm  fMod  tMMfiil.  In  tk«  om*  of 
«  eoatMlMtlM  by  iwimniM  MdlMmlidM  or  by  o  aiatiir*  of  MdioaotlTo 
•ididtMMOo  it  ifl  ronwMowdrd  tkot  tW  oMimd  abia  «roa  bo  oloonod  with 
0  aixtcro  of  tiUaiM  dlwido  oaf  l/lA  hydfoohlorio  otdd.  Xa  tho  out 
of  oonUadatUoa  vltH  kaoM  rodiatlMi  ooavooa  It  la  tatpodloat  to  uto 
tppropritto  prooiplt(itla|t  afonta*  Far  tho  dooeataainAtlon  of  handa  tad 
foot  aatuMtod  aolvtloai  of  CMittt  ottltablo.  Hoavy  Mtal  ooa- 

ponnda,  for  iaataneo  uraniw  oalto,  ougr  bo  oilaiBotod  by  tho  addition 
of  oitrato  to  tha  vaah  wator*  alaoo  Atrato  ieaa  fora  aolublo  ooqplaxaa 
olth  hury  ootala.  For  eortaia  oaaao  it  ia  advaLaiafacua  to  uaa  oonoan- 
tratod^iroa  6  N««4iCi»  oapooiaUy  ia  rogiona  ahoro  tho  akin  la  oovoral 
by  a  thick  homy  layor,  or  iharo  ^  ayoa  of  boBtaaiaation  la  aaaiX 
(S):  For  muoaua  naabranoa  aodlM  blonbOMto  io  a  anitabla  olaaninc 
agont 

Vary  intarutlag  art  tho  oiporiaonta  with  rata  roportad  by  Hichon 
(12)  in  which  it  wu  attaaq>tod  t«  oarty  out  tho  oliaination  of  radio- 
aotivo  irpnritlaa  by  neaao  of  lonotophorooiot  So  thooo  axporinaatir  ono 
of  tha  oiaotredaa  «ao  plaood  at  any  givaa  point  on  tho  body  and  thb 
oth^'r  on  tho  oontaadnatad  oroa  of  tho  oidn.  Tho  boot  doooataadnation 
ruulto  voro  obtaiaod  with  o  oolution  of  oitrio  told  and  oodivn  oulfato 
at  pU  3.  Tho  ourrMt  Intonoity  «m  0*3  aA/oa**  Xn  tho  euo  of  a  oontaai- 
nation  with  oarrior-froo  N32  in  tho  foM  of  phoaphorio  aeid  (anion), 

95  porooat  of  tha  eentaalBatloa  ronainlng  oftor  «»«¥■*  "g  «ao  oUainatod 
by  0.5  oovLLofflb/cn2|  with  otrontiua«90  -b  ^triiua-PO  (loat!^)  In  the  fora 
of  chloride  over  80  peroost  wu  oliainatod  by  1  ooidMb/oa^,  In  all  do- 
oontaninationa  ono  ohonld  nako  anro  that  tho  iaipfvity  io  not  earriod 
into  the  wound  or  into  tho  naturol  b«dF  orlfieoo* 

i<iodlcial  help  should  bo  ouonenod  oroa  in  tho  ouo  of  nlld  akin  in- 
Jurlos.  Itoatnent  should  alwayo  bo  oarrlod  out  wL^lh  partiohUr  hastu  and 
caution .  tho  In^jurod  and  radloaotiroly  oontaaiaatiMl  okin  aroa  should  bo 
oxalood.  thus  proronting  tho  poaatratloa  of  rodlOMtiro  iubotaaoos  into 
tho  olroulatioQ.  Frior  to  thio  oporotlon  tho  aagaitiMlo  of  tho  radloaoti- 
Tity  and  tha  tyio  of  radlonuolido  should  bo  uoortaiaod,  ainoe  tho  extont 
of  surgloal  Intorrontlon  will  dopond  on  thuo  data,  i  oleoo  eooparation 
betweon  surgeon  and  auoloar  phyoioiaa  Is  IndlopoiUMibls  in  such  oasos 
(1,  2,  3)>  Freferaatially*  tbs  porfornaaoo  of  thooo  tasks  should  bo  taken 
Over  by  tha  isotope  dopartaonta  of  tho  oUnlOo.  In  rogard  to  the  method 
aX'  wound  treatmont  and  oxoiaion  it  io  not  poaslblo  to  sot  up  any  hard  I 
wiri  fast  rules.  For  purposes  of  guidance  one  nay  follow  Wio  advloe  f>f _ J 


I  Hug  and  j'iuth  (6)  according  to  vVileh  a  radical  intarvantlon  Is  necossaiTy 
idiensTor  more  than  D  of  a  dangerous  radionuclide  has  penetrated  Into 
the  wDunda  For  the  Inspection  and  control  of  the  vound  oontaadnatlon 
a  sultabXa  instrunant  Is  a  aenaitlTe  solntlUatlon  counter  with  a  needle- 
shaped  tip.  With  the  sid  of  this  Instrwwnt  eren  the  rery  eaallest 
wound  regions  May  be  oheoked  (1). 

Before  the  excision  the  area  of  operation  Must  be  thoroughly  cleaned. 
Finknl  and  Hathaway  (10)  reoomend  that  the  physlolan  oorer  the  wound 
with  cellophane  or  apply  a  teaporary  suture  in  order  to  present  any  ad¬ 
ditional  rinsing  of  radloaotiTs  subetaaoec  late  the  wound.  The  deoonta- 
aination  of  the  operated  region  should  be  osrried  out  with  luhewsra  wa¬ 
ter  with  the  addition  of  detergents,  sad  by  scrubbing  with  a  soft  Perlon 
brush.  It  nay  bo  expedient  to  let  the  wound  bleed  for  a  short  tine  so 
as  to  rinse  out  in  this  Manner  radioaotive  substances  pressnt  in  tha 
blood  strssn.  VIhen  the  exoislon  ooours  on  the  extranlties,  the  operation 
should  always  ba  followed  by  bleeding  in  order  to  reduce  resorption  (2, 

3i  6,  10),  Ths  result  of  the  •urgloal  intervention  auat  be  verified  by 
activity  Boasuraaanta .  Uaforo  the  final  treataant  a  thorough  oleaning 
of  the  wound  from  radioaotlTe  residuea  is  Indispensable.  Regular  blood- 
aad  urine  teats  for  radleaativlty  STS  very  essMtial,  Xheee  tests  pro¬ 
vide  durins  the  sesree  of  trsets^ant  infarsatisa  ragardias  tha  astaat 
of  ths  existing  nuollde  inoorperatlon  and  ths  nsoessity  of  further 

. . .  .1  -  -w  » 

Of  these  latter  aeaaurea  deoorporatlen  is  the  aosi  iaportant.  The 
separation  of  radionuolldas  froa  ths  orgaz;iaa  say  bs  activated  by  chs- 
lats-foraing  agsnta  (for  axaspls  BIL,  sodluB  oitrats,  SDTjl,  dlaoinodl- 
ethyl  sthsr  tetraaosiio  sold,  diethylsnstriasiinspsatMOstle  sold),  by 
airoonlua  salts  or  by  pelyj^eephatss .  This  avd>isot  is  exhaustlvsly 
trsated  by  Orsul  (2,3),  Catsoh  (3)>  Sohaidt  (7)f  Mieks  (8)  and  Spods 
(11).  Xlis  aftsr-oaro  of  ths  wound  has  to  bs  sttondsd  to  ovory  dsy.  In 
this  oonneotlon  on#  should  pay  partloulsr  attontion  to  tho  radiation  re- 
aotlon  of  tho  skin  and  wound  surfaos  sinoo  it  la  poasiblo  that  tho  vound 
had  been  exposed  through  the  oontaalnstion  to  a  particularly  high  local 
radiation  doss. 

In  connection  with  this  Bub;jeot  it  would  be  interesting  to  know 
whether  and  to  what  sxtent  a  high  local  dose  of  radiation  or  even  a  ra¬ 
diation  affecting  the  entire  body,  influanosa  the  wound-healing  prooess, 
and  whathcr  on  the  other  hand,  the  course  of  the  radiation  illness  is 
inf lu by  the  simultaneous  presence  of  injuries.  There  are  a  few  re¬ 
port,/  v'.,.ing  on  this  subject.  Eatayaaa  (I3),  working  with  guinea  pigs, 
araat  'j.'  in  tha  animals  wounds  13  cm  in  diameter  and  irradiatod  these 
wounds  at  /arlous  stages  of  their  healing  with  a  radiation  dose  of  120  r 
undtr  oojtu.ttions  of  depth  therapy.  At  first  there  waa  an  inhibition  of 
1^16  hualliig  process.  This  was  followed  in  the  stage  of  transforaatlon  of 
the  ycur.i  -I'-nnulttion  tissue  into  connective  tlsaue  by  an  acceleration  of 
Ui6  l-BfaJing  process.  Ths  effects  were  the  aore  narked  in  both  directions 
tjhe  soonor  the  irradiation  was  carried  out  and  the  higher  the  nagnitude— * 
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TvaciiiW  inrMtlg&titfn*  nvr*  o*nl*d  vA  bgr  Byat»T«i  ud  SotnXtr 
(1^1  15)  Th«7  •^pMad  ffliaM  plf0  t«  «  t^tiCUMjr  IrvadlAtlsB  of  400  r 
«Bd  tbon  oMfod  okla  doobOo  in  tho  Irndlatod  mAmIo.  CemMxod  tdth 
0  ooBiDrol  gmtp  of  ii#»>lvrodljitod  onl—lo  t4o  oowido  hoolod  olovor. 

Thoro  wort  olthor  m  laflointoary  roootloM  la  tko  ootsad  roflon  or 
lot  ia  holatodly,  iMMonilTo  pnooiioo  ooro  rotordoA,  aolibjr  boooMo 
of  tho  look  of  prollfontiMi  of  flbroMLuti.  Itt  ort— li  la  okloh  iho 
rodlotlon  Hlaoia  4«A  tokni  «  loforo  eo«no»  ooiidortblo  VLoodlafi  oo« 
owrod  la  tho  oevnd  rocloa*  m  voU  m  mmcoooo  «Lth  iooea0«3rlafotttlLoBi. 
lo  dlfforoneo  mi  oboorrod  la  tho  hoallai  frooooi  ahothor  tho  niaad  mo 
trootod  oponSy  or  with  itorllo  taoadocoo,  m  (oaorol  tho  weoadi  of  tho 
Irrodlotod  ottlaoli  hoolod  >-5  diyi  lator  than  theio  of  tho  ooatroli. 

Tho  leori  won  hordor  oad  vldor. 

Torp  bulo  iarootltotloao  woro  oorrlod  oat  bgr  Boren  oad  Ylotoa  (25). 
Thoio  roooorohoro  oapoood  5OO  gaiaoo  plfi  to  rodlotlon  oad  than  orootod 
waaada  la  tho  ilda  of  tholr  floako.  Porlaf  tho  prooooo  tho 

wtaad  lioo  ww  dotomlaod  ploolaotrloolla,  ot  latorvolo.  Blfforoat  irospo 
of  aalaele  rsrs  essssed  to  doses  of  2  s  IB  r  fsar  washg  bsf ore  ^  oro- 
otioa  of  tho  wottfldot  oadto2alr»2kl0r»2zS0rar2z  100  r 
tos  sscssds  after  ths  A  dofs  tlioroid^-oo*  Th*  rooulto 

of  thoflo  oaqporlaoati  mcr  bo  iwBUrliod  00  foUoooi  Xa  tho  0000  of  tho 
irrodlotod  oalaolo  then  woo  0  bettor  eeatrootloa  of  tho  woaad  la  tho 
first  few  dojo .  Tho  irrt^Utloa  ltd  to  0  rodaotloa  of  wennl  ooorotlen, 

•0  thot  tho  woaad  woo  di7i  After  tho  ilxth  dogr  oad  ap  to  tho  iBth  dogr 
thoro  woo  0  lot  la  tho  wDoad-hoaUaf  prooooo  dao  to  tho  lahlbltioa  of 
tho  growth  of  flbiroblooto.  Tho  MCtom  of  rotordotloa  of  tho  weaad- 
hoollag  proooii  woo  ia  dlroot  prwportlob  to  tho  dooo  or  rodlotlon  odal- 
alotorod.  In  tho  0000  of  Irrodlotloa  prior  to  tho  orootioa  of  tho 
wetudi ,  tho  lottor  hoolod  with  loot  o^thollol  ozpoadltaro  or  onoUor 
looro .  0nl7  with  low  deooo  of  rodiotiea  woo  thoro  oahoaoeaoat  of  tho 
woaad  booling  oad  oaljr  when  tho  Irrodlotlen  eoourrod  oftor  tho  wouadli^. 
Tho  •oaoitlrli/  of  tho  onlaolo  to  totol-bodf  irrodlotloa  woo  gx;0otly 
laorosood  bgr  tho  woaadlng. 

Nlokoon  oad  bio  roaooroh  groiqp  (16)  irrodlotod  roto  ot  oao-doy  la- 
torvolo  with  o  totol  of  4  x  5^  r  andor  dopth-thoropjr  oondltleao  oad 
thoa  ooaood  la  tho  oalaolo  doop  abdoadaol  wooBdi  iddoh  ijwladod  tho 
porltonlui.  Ia  oontroat  to  othor  oathoro  thojr  ropertod  thot  tho  wovuad- 
hooliag  prooooo  oadod  oa  tho  ooao  doy  la  both  irrodlotod  oad  noa^irro- 
dlotod  oalaolo. 

Mogoryoaskv*  (17)  followed  tho  ooaroo  of  woaad  hooUag  in  42  pro- 
irrodlotod  oad  oporotod  potloato.  Up  to  0  totol  dooo  of  l.oOO  r  no  in- 
fluonoo  oxortod  by  tho  rodlotioa  on  tho  hoollag  prooooo  woo  ollaiooUy 
obnorroblo.  With  doooo  obovo  1,800  r  tho  ladox  of  oooondory  hoollag  in-  1 
drewod.  Prolongotlon  of  tho  durotlon  of  pro-lrrodlotlon  to  oror  3^  doys  | 
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I  *ad  inorM0iae  th«  bAtmtn  lrr«dl*tloat  «Bd  op«r«tioB  t«  ertr 

60  likawia*  l*d  to  «  rla*  la  ••oenAarj  hMllaf  &«•  to  eouidoroblo 
•elorotlMtioa  of  the  skin  blood  tmooIo  and  oarronadlBC  Uosaa«»  with 
trophlo  dlatarboaeoo  boiac  oboorvod*  PootoporatlTO  woaad  hoaling  «u 
lafluMood  bj  tho  loooli— tloa  of  tho  poUMlofloftl  prooooi*  tbo  oito 
of  tho  inrodiotod  oroo  oad  tho  oKtooi  of  owrtioal  Itttoirontioa.  Daltrt^ 
«To  (2t()  mdortook  oiporlaonto  olalac  at  tho  dotonlaatloB  of  tho  op¬ 
tical  tlao  of  vewad  troatnoat  la  tho  oaoo  of  aoato  rodiatloa  oyadTpaa* 
SlaitltuxwoTialy  alth  irrodlatloM  of  200^  400  or  600  a*  rabblta  woro 
aouodod  ia  tho  rofioa  of  tho  iBoat*  Xt  «m  foaad  that  tho  boat  hoallaf 
roaalta  woro  obtaiaod  idum  tho  mwA  ma  troatod  aftor  24  boars, 
ahilo  tho  roaalta  of  troatanat  jua  tho  fint  f ov  hoars  oi*  4d  hoars  aftor 
irradiatioB  woro  poorar  duo  to  appoaraaoo  of  aoorosos, 

taaaoT  ot  al  (25)  iwrootliatod  ia  700  ahlto  aioo  tho  iaflMOMo  of 
high  radioaotiTo  doooa  oa  tho  hoallag  preoooa  of  aouads  ahloh  woro 
ooMod  la  tho  aaiaalo  by  soaoral  aothods*  la  tho  oaao  of  tho  first 
group  wouada  6  to  6  m  woro  oroatod  with  a  obarp  oeioaorot  la  tho  ao- 
SMd  groap  tha  akla  was  daaugad  by  aaaaa  af  a  prosaaro  of  batwooa  15 
aad  20  hg/oar  t  la  *  ttim  gfoty  thojMiHdo  ««w  ^oot^  uith  a  aulturo 

wf  •taph^fXuuwuCuS  Aiu  vm5«  Xt  ■■■  fw'iuM  that  ths  fctasstlv**  cf 

oytlo  lafUtratos  uat  atroagXy  raduead  aftor  total4sody  Irradlatloa 
Dotwata  ow-doo  i>«  tho  graasoatMa.  oac-taa  ataor  aaad,  was  loos  w- 
palrad  aad  tho  rogoaaratioa  afallltr  of  tho  apidondo  hardly  affootod 
at  aU«  Iha  phaaa  af  daaaraatloa  af  tha  uauM  prooaao  uaa  ooaol^ably 
rodtMrt}  tha  atooad.  larollf aratlTa-rogaaaratiTo  phaao  roxy  allghtly 
waakaaod.  With  700  r  th#  fomtiaa  af  graaulatlea  iiasao  was  radaeod. 
Proa  aero  worthy  af  attaatloa  la  tho  foot  that  tho  anlthoUaatloa  pro- 
etas  was  aot  affaetad  afToa  at  SOO  r,  Xt  saoaa  that  this  proeaaa  dooa 
aot  iBMdlataly  dapaad  oa  tha  ooadltAoa  of  tho  uadarlylBg  Uaauo.  Tho 
rogaaoratiyo-prellfarativt  phaao  of  tho  htaUag  was  alowod  down  in  tho 
Qaao  of  woaad  lafootims  and  tho  i^ipoaraaoo  of  aaoroaoa.  With  anoo^pH- 
oatod,  aloaa  woaada  no  dlfforonoo  was  obaonrod  la  tho  hoallag  prooaaa 
botwooa  Irradiatod  and  ooa-lrradlatod  aolaala,  Partloalarly  laportaat, 
oa  tha  othor  hand,  la  tho  oboorratloa  that  tho  hoallag  of  weiada  Ohloh 
woro  infUatad  during  tho  aaalfost  ayntaaa  of  tho  rodiatloa  Ulaass 
waa  rrtardod  to  a  aosh  graator  aoctoat  than  woaada  wbloh  woro  ooaaod  in 
tho  first  2  to  3  dam  aftor  irrodiatloa*  la  Irradiatad  wleo  tho  la- 
f  ooiion  of  wounds  ahowa  a  toadoaoy  toward  haooialwg  ganaral* 

v'^  th  a  Tory  high  loool  doao  of  Irradiation  it  is  pooaibl#  for  a  ra— 
dlaU  )B  alaor  to  dorolop  la  tho  aroa  of  tho  woand.  Swoh  akla  dafaota 
hsTo  a  doeidodly  low  todonoy  to  hoallng*  Booaaao  of  tho  looally  woak> 
onod  powor  of  rooiotoaao  of  tho  tiaoao,  thoro  throatoiui  tho  dongsr  of  a 
parolawt  laf ootimt*  Troataont  1a  thooo  oaooa  oonalato  la  tho  applioatloa 
of  r:*  Id  fUToa  uad  toatod  aatlblotloa  (Ifi).  Should  tho  radiation  uloor 
ffaic  ,0  ]u  al  os  a  rooult  of  ooBOorratiTo  thora^,  thm  tho  only  way  out 
ia  an  oparatien  undor  tho  protoetlea  of  oatlhlotiea  (19,  20,  21).  Tho 
■xolalOB  of  tho  doBogod  okln  aroa  should  pwaotrato  woU  into  tho  hsalth^ 
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tissue  vith  go^d  blood  ci'*^'v0.ation 


n 


underlying  ti"-;;.-,  Fi-nili,-  t' a  deT'jot 


into  tho 

be  sorJ'e.'tftd  by  pleatlc 

surgery.  Beceuso  of  tho  doficlsHt  local  '.-loou  circulation  free  trana- 
pi«ttt9  and  shift  grafts  hars  a  bad  healing  tendency.  The  best  results 
are  obtained  with  Jui^p  flapa.  eepeoially  from  the  abdominal  akin  or 
gluteal  region.  In  order  to  apare  the  skin  it  is  rsoaamended  that  the 
intervention  be  carried  out  under  general  and  not  under  local  anesthe¬ 
sia  (£0). 


A  olose  cooperation  betveen  surgeon  and  nuolear  physloian  is  re- 
qulrod  also  in  the  treatment  of  bone  fraotures  resulting  from  radio¬ 
active  aooldents  or  nuolear  weapons  explosions.  Experiments  on  rats  and 
nioe  wbioh  wore  subjeoted  to  bone  fraotures  prior  to  irradiation  showed 
that  the  I'omatlon  of  oallus  was  raduosd  at  irradiations  above  600  v 
-bid  fully  aupprossod  above  1,600  r.  The  total  hoaliiv;  proooss  was  there¬ 
fore  Qonsldtnioly'  retarded.  Doses  under  600  r  had  no  sffeot  (?6). 


Krupko  (27)  parformsd  expsriments  with  dogs  in  which  the  thighs  of 
the  animals  were  broken  two  hours  after  an  irradiation  with  400  to  800 
r.  Six  percent  of  toe  animals  died  within  46  hours,  an  additional  66 
peroont  wlUiln  two  weaks.  Hi atol02l®*^y  burvlvlng  animuls  shewed 

a  delayed  onllur.  formation.  In  the  case  of  inf  noted  oompound  fraotures 


'^Guwi«  WWVUAAUU  UUA  MsV 


suit  was  even  worse,  when  the  wounds  were  treated  under  the  protection 
ox  antxnaotias  in  local  anesthesia,  the  number  of  surviving  animals  in¬ 
creased.  For  tiio  troataent  of  fraotures  aarrovF-naiilna  appeared  to  be  an 
expedient  method.  Ot-ier  series  of  siqusriments  (23,  29)  led  to  einilar 
results,  in  fraotures  of  the  elbow  or  knee  Joint  or  of  the  radius  of 
rabbits  caused  3  to  $  hours  after  a  total  body  irradiation  of  600  r  tho 
healing  was  slowed  down  due  to  retarded  oallus  formation,  espsoially  in 
young  animals.  Wlten  the  fractures  wars  jnfllotod  20  hours  after  irradi¬ 
ation,  the  healing  prooess  was  mueh  lest  retarded. 


In  tho  troat.ioont  c>f  injured  and  radiation-daiqagod  persons  those 
experimental  findings  must  fee  taken  into  consideration.  It  is  nolf- 
evident  that  the  results  of  animal  experiments  should  be  applied  to 
humans  only  with  great  oiroiuuspeotion  and  a  certain  amount  of  reserva¬ 
tion.  Ho  sys tcnatleatlott  of  thorapoutio  measures  is  possible.  Tho  nurgl- 
oal  nieaauroe  must  always  be  adapted  to  the  naturs  of  the  Injury  and  be¬ 
yond  that,  to  the  entire  clinical  picture  and  ths  oourso  of  the  radiation 
damage  and  radiatinn  illness. 

In  the  case  of  a  oatastrophlo  aocident  it  is  not  always  possiblo 
to  undortako  treatment  in  a  scholarly  manner}  novortheloss  the  giulc 
linos  sot  forth  heroin  should,  be  oensidsred  a  goal  to  be  kept  in  mini 
St  all  times. 


Suimfctry, 

jscause  of  the  complexity  of  the  meohanlera  of  damage,  injuries 
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)  uvttwmA  M  *  rMult  of  nuolsur  o«tMtropha«  at*  of  a  Bpeolol  iuturo, 
Troatiwnt  mmi  bo  bmod  on  »  oofrolation  of  surgloal  and  nuoloar  nodi- 
oal  wMuiiirM  iMoh  t«k*  into  aoootmt  tJbo  obnditioaB  oiTtho  wundV 
tho  aaovnt  of  radiation  rooaivod  and  th*  oliniooi  piotura  of  tho  radi* 
atloA  i]dnaaa.  Ifaaea  taaka  eon  bo.aolrad  only  by  tha  oooparation  of 
aurgaons,  nuoloar  pbyaioiana  and  ]^yaioiata.  Tha  aia  of  thia  nork  waa 
to  prsTida  aona  guiding  linaa  for  anoh  a  oooparation  • 
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